Abstract. The reliability of high-voltage circuit breaker operating mechanism is important to ensure stable operation of the circuit breaker. The dynamic simulation model of CT26 spring operating mechanism is established using software ADAMS, and the dynamic simulation analysis of the feed motion of the operation mechanism is carried out, then the model is verified by contrasting the experimental data. The influence of the spring stiffness coefficient and friction to dynamic characteristics of circuit breaker are simulated and analyzed emphatically. Simulation results show that the breaking and closing time and the speed of actuator, the service life of the cam mechanism are directly affected by the above two factors. The simulation results and methods in this paper can provide reference for the research and daily maintenance of the circuit breaker operating mechanism.
Introduction
High voltage circuit breaker has been widely used in electric power system. The performance of circuit breaker directly affects the safe and stable operation of power distribution circuit and the downstream electric equipment, but the operating reliability of the circuit breaker operating mechanism is still very difficult to be satisfied. But the operational reliability of the circuit breaker operating mechanism is still not satisfactory. According to the investigation statistics of circuit breaker accident in China by State Grid and the Ministry of Electric Power, operating mechanism fault accounted for 66. 4% of all failures, and the mechanical failure of the operating mechanism accounted for 55% of all failures. Mechanical failure is mainly malfunction of action failure such as ail-to-break and close, and malfunction. It follows that the reliability of the circuit breaker depends largely on its mechanical reliability. Therefore, it is important to improve the reliability of the operating mechanism.
Dynamic characteristic of the operating mechanism is an important factor to the performance of circuit breaker. Because of the more parts of the operating mechanism, the structure is complex, and the movement relationship is, the theoretical analysis is more difficult. Due to complicated structures and the various movement relationship among components between, theoretical analysis is difficult. So we can establish the virtual prototype model of the actuator by multi-body dynamics simulation software ADAMS, and conduct the simulation analysis on the dynamic characteristics of the breaking and closing course which can significantly shorten the development cycle and reduce the high cost of a Corresponding author: wangkun9205@163.com International Conference on Advanced Electronic Science and Technology (AEST 2016) AEST2016 physical prototype test. At present, the analysis of the dynamic characteristics of the operating mechanism has become an important research topic. In [3] [4] [5] ,the dynamic simulation model of circuit breaker operating mechanism was established, and the influence of the friction and the position of the baffle plate on the dynamic performance of the circuit breaker is studied. In [10] [11] [12] ,the dynamic change of contact force between cam and roller mechanism was studied. In [13] [14] [15] [16] , the dynamic simulation and optimization design of the connecting rod mechanism, the oil buffer and spring of the spring operating mechanism are carried out by using ADAMS.
In this paper, the influence of the spring stiffness coefficient and friction to dynamic characteristics of circuit breaker are simulated and analyzed emphatically based on the CT26 high voltage circuit breaker spring operating mechanism. The simulation results and methods in this paper can provide reference for the research and daily maintenance of the circuit breaker operating mechanism.
ADAMS multi-body dynamics theory

The coordinate system and degree of freedom
Mechanical system is divided into four components by simulation software ADAMS: part, constraint, force as well as the user defined algebraic and differential equation.
There are two coordinate systems in ADAMS/solver system: global coordinate and local coordinate. The global coordinate system is fixed in the ground reference. In ADAMS/Solver, we need to refer to the global coordinate system to create the geometry of the body coordinate system. The local coordinate system is used to locate the position of the key points and axes in the model, the body coordinate system and the mark point are the two major types of local coordinate system.
Degree of Freedom(DOF) in ADAMS is used to indicate the independent movement parameters number that the has definite movement, its formula is as follow:
In Eq.(1), the n indicates the number of components in the system (including the ground) and the n i indicates the number of DOF of each constraint in the system
Multi rigid body dynamic analysis equation
Experimental measurement of the closing and breaking course
To The Descartes coordinate(p) of rigid body and Euler angle(ε) which reflect the direction of rigid body are taken as generalized coordinate in Adams, that is p=[x, y, z]T, ε=[ψ, ϕ, θ]T.
As a result, the generalized coordinate of the rigid body in ADAMS is expressed as follow.
Based on the above established coordinates, the linear velocity and angular velocity of the rigid body are expressed as follow. The Dynamic equation of rigid body is as follow: (5) In Eq.(5), the M is Generalized mass matrix, J is Generalized moment of inertia matrix, K is kinetic energy.
By consulting the books, the following second order differential equation is derived from the Lagrange equations of motion. (6) We select the ADAMS coordinates as the generalized coordinates, the formula (6) turned into as follow: (7) In Eq. (7): (8) So we can get the following equations of motion as follow. (9) Finally, we linked up variation of generalized coordinates with time and linear as well as the angular momentum by differential equations of motion. Thus we obtained 15 equations to solve the dynamic numerical solution of the mechanical system. These equations are as follows:
3 The establishment and verification of dynamic model of operating mechanism
The establishment of dynamic simulation model
To establish the dynamic model of the operating mechanism, we need to build the three-dimensional solid model,we established the 3D model of the CT26 spring operation mechanism with the modeling software Pro/E according to the drawings provided by the circuit breaker manufacturer, as shown in Figure 1 .
Figure1. 3D solid model
Because more components of the circuit breaker operating mechanism will increase the complexity of dynamic simulation, taking into account the simulation only focus on the dynamic relationship between the main bodies in the breaking and closing course, non-standard parts and other some unnecessary parts of the simulation process was simplified such as the pawl, spring outer sleevet, connecting fasteners and standard parts. The main structure of the simplified three-dimensional model is shown in Figure 2 .
Figure 2. Simplified model
The dynamic simulation model can be built after the 3D model is established. Graphical data exchange between Pro/E and ADAMS generally uses the Parasolid standard. It will import into the ADAMS after the 3D model file is stored as Parasolid standard file format (*x_t), then we still need to set up a variety of parameters for the imported model, it mainly includes: 1) Setting up the environment unit for MMKS (mm, kg, N) form; 2) Adding material properties for components 3) Adding motion pair constraints:adding fixed vice, revolute vice, planar vice, etc according to the assembly and movement relationship between all parts; 4) Adding spring force and contact force:In the operating mechanism, the closing and breaking spring are replaced by the spring dampers. the parameters as shown in Figure 3 , The pre tightening force is achieved by changing the length of the initial spring. Pre-tightening force is realized by changing the initial length of spring. The collision is replaced by the addition of contact force in the process of mechanism movement, mainly includes the contact force between the cam and roller, the latch and the roller support and other components.
The dynamic simulation model is shown in Figure 4 after all of parameters setting finished.
(a) The closing spring parameters (b) The breaking spring parameters 
Verification of the simulation models
Experimental measurement of the closing and breaking course
In order to verify the correctness of the dynamic simulation model, it is necesary to make a comparative analysis of the experimental data and the simulation results. Therefore we measured dynamic characteristic parameters of the moving contact in closing and breaking course of circuit breaker mechanism by using the high voltage switch tester, includes the length -time and velocitytime curve of the moving contact, and the experimental measurement results are shown in figure 5 . The dynamic characteristics curve of the closing course are shown in figure 5(a) . The time range of the moving contact movement is 37~106ms,the total time is about 69ms and the maximum length is about 120mm. The dynamic characteristics curve of the breaking course are shown in figure 5(b) . The time range of the moving contact movement is 49~86ms,the total time is about 37ms.
Dynamic simulation analysis of the closing course
The principle of closing course of the circuit breaker operating mechanism is that the closing spring drives the cam to rotate, then the roller on the output crank arm of the cam is pressed to cause the crank arm to move upward. Finally through the connecting rod to drive the contact movement, finally the moving contact moved which was driven by the connecting rod. At the same time, the energy storage of the breaking spring is carried out by the compression of the breaking spring crank arm, prepare for the breaking operation.
The structure of the operating mechanism shows that the length of internal crank arm is the same as the moving contact in the vertical direction,so we choose the length and velocity data of the internal crank arm as the characteristic parameters of the moving contact. The dynamics simulation results of closing course are shown in Figure 6 . We can know that the moving contact movement time is about 63ms in Figure 6 ,which is close to the experimental result. The maximum length is about 98mm. and the Peak velocity is 3500mm/s,the length of the moving contact is slightly smaller than experimental result which is shown in figure 5(a) .
Dynamic simulation analysis of the breaking course
The principle of breaking course of the circuit breaker operating mechanism is that the breaking spring releases its energy to drive the contact realizes the break-brake movement through the crank arm, the connecting rod. The breaking spring has completed the storage operation in the closing course. The dynamics simulation results of breaking course are shown in Figure 7 .
Figure 7. Simulation result of the breaking course
We can know that the moving contact movement time is about 34ms in Figure 7 ,which is close to the experimental result and the break-brake time conform to the technical parameters(35±7ms)of the operating mechanism. The peak velocity is 3500mm/s and the length of the moving contact is slightly smaller than experimental result which is shown in figure 5(b) .
Discussion
The simulation results show that the dynamic simulation results are close to the experimental results. Movement tendency and curve shape of length-time and velocity-time curve are roughly anastomotic with the curves of the experimental measurement shown in Figure 5 . So as to verify the accuracy of the established simulation model. We can know from the operation principle of the operating mechanism that springs are the main power source for closing and breaking movement of operating mechanism. The spring stiffness directly affects the dynamic characteristics of the closing and breaking course. The influence of different stiffness on the moving contact length, velocity and the contact force between the cam and the roller were simulated, including normal stiffness, relatively small stiffness and relatively large stiffness those three operating conditions. Simulation results are shown in figure 8, 9 and 10. The simulation results of contact movement characteristics in different closing spring stiffness in closing course are shown in Figure 8 . It can be seen from the figure that the moving contact length remains the same in different closing spring stiffness, but the moving contact movement time and velocity are affected. When the spring stiffness is relatively small, that is, K=190N/mm, moving contact movement period increased,peak velocity decreased from 3300mm/s to 3500mm/s. When the spring stiffness is relatively large, that is, K=220N/mm, moving contact movement period decreased, and the peak velocity increased from 3500mm/s to 3700mm/s. On the whole, the tendency of the length and velocity remained the same. The simulation results of contact movement characteristics in different breaking spring stiffness in breaking course are shown in Figure 9 .
It can be seen from the figure that the moving contact length remains the same in different breaking spring stiffness, but the moving contact movement time and velocity are affected. When the spring stiffness is relatively small, that is, K=150N/mm, moving contact movement period increased, peak velocity decreased from 4500mm/s to 4200mm/s. When the spring stiffness is relatively large, that is, K=190N/mm, moving contact movement period decreased, and the peak velocity increased from 4500mm/s to 4700mm/s.
We can know from the function of the circuit breaker that it is used to switch on and off the circuit during normal operation, and could break the circuit rapidly when faults occurred, therefore, the breaking and closing time and contact movement velocity will directly affect the breaking and closing performance of circuit breaker. Only in ensuring the proper breaking and closing time, can the circuit breaker to give full play to its ability to switch on and off the electric current. If the closing and breaking time is too short, it will makes the circuit breaker will not be able to cut off the fault rapidly, because the circuit breaker arc insulation strength and arc extinguishing ability is not enough, and eventually lead to rest riking accident. If the closing and breaking time is too long, the operating mechanism is unable to remove the fault in time, causing arcing time increase, may eventually makes the contact burning or explosion.
Influence of different spring stiffness on the contact force between the cam and the roller
The cam and the roller will impact repeatedly in the closing course, the impact contact force is large with a wide fluctuation. The needle roller bearing has become the most vulnerable parts due to impact force, therefore it is very necessary to study the change of contact force between the cam and the roller. The simulation results of contact force changes between the cam and the roller in different stiffness in closing course are shown in Figure 10 . We can know from the simulation results shown in Figure 10 that the contact force between the cam and the roller in closing course is indeed relatively large, Multiple peaks in the curve are also demonstrated that there are many impact collision between the two parts, and the maximum contact force is also increased with the increase of the spring stiffness. The simulation results are consistent with the theoretical analysis and inference. Excessive force and repeated impact will aggravate the damage of the contact surface of the cam and roller, and cause the fracture of the needle rollers of bearing and the deformation of bearing outer ring, furthermore it can also cause large vibration and noise of the whole circuit breaker mechanism.
Discussion
We can know from the above analysis that stiffness of the spring has a great influence on the dynamic characteristics of the circuit breaker. This puts forward higher requirements on the level of circuit breaker manufacturing and assembly, the components of Cam mechanism should be pay attention to improve the accuracy and machining in the design and manufacturing process to ensure the cam mechanism and needle roller bearings have higher hardness and fatigue strength. In addition, circuit breaker exercise dynamic mechanism should be carefully calibrated closing and braking spring in the assembly process to make the closing and breaking time of operating mechanism and other characteristics could meet the technical requirements of the product, so as to ensure the operation of circuit breaker steadily and normally.
Influence of different friction coefficient on dynamic characteristics
The friction force is an important factor to affect the performance of the machine in mechanical movement process. Harmful friction will cause the kinematic pairs suffer abrasion and reduce the strength and reliability of components. It can still cause the kinematic pairs suffer heat expansion in serious case which will lead to kinematic pairs running sluggish, even stuck fault.
The influence of different friction coefficient of the cam, roller and link mechanism on dynamic characteristics in closing course was simulated, including normal stiffness(μ=0.02), friction coefficient of 0.1(μ=0.1) and friction coefficient of 0.12(μ=0.12) those three operating conditions. Simulation results are shown in figure 11 . According to figure 11, when the friction coefficient increases to 0.1(μ=0.1), moving contact movement period increased from 63ms in the normal state to 67ms, peak velocity decreased from 3500mm/s to 3200mm/s, and the oscillatory convergence time of the velocity reduced at the end of the closing course. When the friction coefficient continues increase to 0.12(μ=0.12), moving contact movement period increased to 69ms, the peak velocity decreased to 2900mm/s. We deduce that as the friction coefficient continues to increase, the entire mechanism is likely to be stucked when the friction coefficient beyond a definite condition.
The simulation analysis shows that the friction of the system has a great influence on the dynamic characteristics of the circuit breaker. With the increase of switching operation times, the decrease of lubrication will lead to the increase of friction force, excessive friction can even cause the refusing open and refusing close fault of the operating mechanism. So we need to strengthen the surveillance of the circuit breaker in the operation and energize daily lubricating maintenance of the operating mechanism to ensure the normal operation of the operating mechanism.
Conclusions
The dynamic simulation model of CT26 spring operating mechanism is established using software ADAMS, and the dynamic simulation analysis of the feed motion of the operation mechanism is carried out. The following conclusions can be drawn from the analysis of the simulation results:
(1)The spring stiffness is relatively small, moving contact movement period will increase and the peak velocity decrease.This will makes the circuit breaker will not be able to cut off the fault rapidly.
(2)The contact force between the cam and the roller in closing course will increase with the increase of the spring stiffness, it directly affected the service life of the cam mechanism.
(3)The increase of friction coefficient of mechanism will cause the closing and breaking period increase and the peak velocity decrease. Excessive friction can even cause the refusing open and refusing close fault of the operating mechanism
The simulation results and methods can provide reference for the research and daily maintenance of the circuit breaker operating mechanism.
